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Fluorescence lifetime imaging microscopy (FLIM) is a powerful imaging tool widely used in biology to measure and visualise Foster Resonance Energy Transfer (FRET) between interacting proteins in tissues or cells. This 
project seeks to study and analyse the Adaptive Monte Carlo Data Inflation Algorithm (AMDI)  [1]  for enhancing fluorescence lifetime image speed. Unlike previous reported results we find no improvement in the imaging of 
fluorescence samples by AMDI methods due to the methods being strongly effected by background noise. This is contradictory to previous literature results, as they do not consider the effect of background noises. 

 

Typical FLIM systems shine a pulsed laser on the fluorescent sample, which then becomes excited and begins to emit photons, with a certain time delay. These time delays are recorded and then used to approximate the 
fluorescence lifetime. However, in order to be accurate, these approximations require a large number of photons. This then becomes a major source of problems since in order to get large counts one must either increase 
the laser power or acquisition time, both of which are harmful as they either damage the cell or cause cellular stress. Commonly researchers have invested millions of pounds into developing new high-speed detectors to try 
and increase the photon count in FLIM systems. However the introduction of methods such as AMDI have suggested potential new low cost mathematical solutions to the problems presented by FLIM systems. We aim to 
test the precision of the Signal to Noise Ratio (SNR) as this is vital to clarity of a fluorescent lifetime image, and how background noise will effect this quantity. We are keen to simplify the method to allow possible 
implementation onto hardware. 
 

Abstract 

 

The AMDI algorithm works essentially in the following way. A data set of recorded events (labelled according to the specific time channel they occurred in) is given from which an event is chosen at random with label 𝑥. This 

is then used to generate a new event by randomly selecting an event from 𝑁(𝑥, ℎ 𝑥 ln 𝑥 ),which is then placed into a new set. This process is repeated until the new set reaches the desired size. Once this is achieved the 
fluorescent lifetime from this new set  is then calculated. This process is carried out at least 50 times and the average lifetime is taken. Alternatively, we propose and implement a simplified algorithm which uses a Uniform 
distribution to generate new events and is more hardware friendly. 

The Algorithm 
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A common hindrance to the extraction of the fluorescent lifetime is background noise. This is where 
events occur which are not from the photon emission, and happens due to outside radiation or just from 
detectors error. Hence we want to see how background noise effects the algorithms, as it is unavoidable 
in reality. Calculating the probabilities for a specific initial photon count containing background noises  
results in distributions shown in the plots below. Obviously both algorithms are effected by the 
background noise, with the resulting distributions giving poor approximation of the theoretical, likewise 
for the SNR. Using CMM from [3], which deals with background noises, we find: Before inflation and 
after inflation  Hence again no improvement is made in the lifetime bias by the algorithms. 
 
 
 
 
 
 

Background Noise 

 

An important part of our analysis was gathering 
results from simulations. These simulations gave 
an indication of how the methods perform on 
real data. The tables show the results from 
inflating single exponential decay with 1.5ns 
lifetime, and little background noise. These 
results again show very little, if any, improvement 
in the lifetime bias compared to the known 
theoretical value, which again is contradictory to 
the results presented in reference [1].  However 
the precision of the SNR is reasonably good 
compared to the theoretical ideal, usually being 
within 1 dB of theoretical,  therefore this still 
gives evidence that the algorithms can suppress 
the Poisson noise in photon counting based 
fluorescence lifetime images.   

 

Algorithm : Gaussian with lifetime = 150h  (h = 100ps) and 50 repetitions  

Original Count  

Before inflation After inflation to 10000 

tau_CMM tau_CMM_corr tau_CMM_inf SNR_CMM SNR_CMM_corr SNR theory 

Smoothing Factor : ln(x) ln(x) ln(x) 

2^4  = 16 90.9375 90.9375 91.0147 39.4031 39.4031 39.8631 

2^5  = 32 115.0313 115.0313 115.227 41.0723 41.0723 39.8631 

2^6 =  64 134.0938 101.41 134.0814 39.4204 40.4911 39.8631 

2^7 = 128 136.9063 121.3583 136.9655 41.0627 40.579 39.8631 

2^8 = 256 140.72266 133.188 140.8514 40.2833 39.1416 39.8631 

2^10 = 1024 146.1416 144.3123 147.7136 39.9825 38.88 39.8631 

2^12 = 4096 148.124 140.7357 151.3126 40.0647 41.4324 39.8631 

Algorithm : Uniform with lifetime = 150h  (h = 100ps)  and 50 repetitions 

Original Count  

Before inflation After inflation to 10000 

tau_CMM tau_CMM_corr tau_CMM_inf SNR_CMM SNR_CMM_corr SNR theory 

Smoothing Factor : ln(x) ln(x) ln(x) 

2^4  = 16 90.9375 90.9375 90.8338 39.7915 39.7915 39.8631 

2^5  = 32 115.0313 115.0313 114.9562 38.9521 38.9521 39.8631 

2^6 =  64 134.0938 101.41 134.4375 38.8993 40.2835 39.8631 

2^7 = 128 136.9063 121.3583 136.9588 39.3381 41.4823 39.8631 

2^8 = 256 140.72266 133.188 141.1305 41.0985 38.8263 39.8631 

2^10 = 1024 146.1416 144.3123 148.7873 41.0753 39.9706 39.8631 

2^12 = 4096 148.124 140.7357 160.0096 43.7531 41.8318 39.8631 

Simulations 

 
We now examine the effectiveness of 
the methods on real data. Here the 
data was gathered from tissue on a 
tumour of a laboratory rat, using a 
FLIM system. Once collected 
computer programs were used to 
form an initial image using the CMM. 
The data was then inflated using the 
two methods and the image was built 
using the CMM. As we can see from 
the images there is no improvement 
from the inflated images compared 
to the initial image.  This result is due 
to the background noise in the data, 
and has caused a worse SNR showing 
lower contrast images. This indicates 
that a more robust algorithm against 
background noise is needed since in 
the future, we intend to implement 
photon inflated algorithms on 
hardware where real data contains 
background noise. 
 
 
 
   

 
 

Real Data 

 
The information gathered during the JRA study has enabled us to draw the following conclusions on the AMDI method. We have found that the lifetime bias is not improved by the inflation algorithm. However  the SNR 
precision of the inflated sets are close to that of the ideal theoretical value, suggesting the fluorescent images can be improved by these methods.  Nevertheless these algorithms are extremely susceptible to background 
noise, with the precision being increasingly effected, hence image quality is compromised too.  Overall the study has produced some contradictory results to those suggested in previous studies, for which we intend to do 
further analysis to challenge these results.  Further investigation is also planned into the effects of background noise on these algorithms, and how to overcome the degradation in SNR precision which occurs due to the  
background noise. We intend to produce a more robust, hardware friendly and background tolerant algorithm, which can then be used to enhance fluorescent imaging speed. 

Conclusion 
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Introduction 

Whilst running the AMDI algorithm it generates new events 𝑌 randomly across the 𝑀 different 
channels. We would like to know the distribution of 𝑌; the closer this is to the theoretical distribution 
the more accurate the extracted lifetime will be. Theoretical knowledge of fluorescent photon emission 
allows us to calculate the probability of an event occurring naturally with label 𝑌. It is known that in a 
fixed time 𝑇 the number of events occur in each time channel 𝑋 follows a Poisson Distribution with 
parameter  𝛽𝑥, with the total number of events following Poisson Distribution with parameter  𝛽 =

  𝛽𝑥 .
𝑀
𝑥=1  Hence the natural probability of an event occurring in channel x given one has occurred is  

𝛽𝑥

𝛽
. 

Through the use of probability theory in particular Baye’s Theorem we are able to calculate the 
probability of generating an event in channel 𝑌 to be: 

𝑃 𝑖𝑛 𝑦 =  𝑃 𝑖𝑛 𝑦 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑢𝑛𝑡 = 𝑁)𝑃(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑢𝑛𝑡 = 𝑁)

∞

𝑁=1

  

Thus using this we below show plots comparing the probabilities from each algorithm compared to that 
of the theoretical. 
 
 
 
 
 
 
 
 
 
 
 
 
These plots give a visual representation of the probability distributions generated by the algorithms 
compared to the ideal theoretical probability, for the specific case when the lifetime is 1.5ns. Here the 
simpler Uniform algorithm is out-preforming the Gaussian algorithm. We note that these probabilities 
are reliant on having an infinite amount of initial data sets to choose from. In reality we would only have 
one initial data set of a certain size N, which changes the resulting probabilities to be the following: 

𝑃 𝑖𝑛 𝑦|𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑢𝑛𝑡 = 𝑁 =   𝑃 𝑖𝑛 𝑦 𝑖𝑛 𝑥
𝑁𝑥
𝑁

𝑀

𝑥=1

 

We now look at the probabilities for a specific case where N=128 initially,  and the underlying lifetime is 
1.5ns. Here the plots bellow show rather different results, with  the Gaussian method now out 
preforming the Uniform distribution. 
 
 
 
 
 
 
 
 

 
 

 
 
The Centre-of-Mass Method (CMM) [2] is used for calculating the fluorescence lifetime bias of a sample 
using 𝜏 ≈   𝑥 + 0.5 𝑁𝑥

𝑀
𝑥=1 . Therefore using CMM and the probability distributions we are able to 

calculate the expected lifetime bias each algorithm is likely to produce on average as inflation tends to 
infinity. We obtain the following: Before inflation 𝜏 ≈ 137.375 and after inflation we could expect 
𝜏𝑔𝑎𝑢𝑠𝑠 = 114. . 4345, 𝜏𝑢𝑛𝑖𝑓𝑜𝑟𝑚 = 141.0476. These results contradict those presented previously, with 

no improvement being shown in the bias by the Gaussian method. 
 
 

Analysis 

A very important quantity when studying fluorescence lifetime 
imaging is Signal-to-Noise Ratio (SNR), since the better the SNR 
is from pixel to pixel the more definition and clarity in the image. 
The ratio represents the proportion of useful information to 
false information. Previous studies have found that there is a 
theoretical ideal value for the SNR depending on the number of 
photons recorded. Using the information gained we can 
calculate the SNR for the corresponding inflated photon count 
number. The plot compares the precision of the SNR for both 
algorithms compared to the theoretical. Here Gaussian precision 
is vastly better than the Uniform algorithm, which may be 
expected due to the large variation in the Uniform’s probability. 

 
Charles Morris: cm326@sussex.ac.uk 
David Li: David.Li@sussex.ac.uk 
Anotida Madzvamuse: a.madzvamuse@sussex.ac.uk 

Contact Us 


